Abstract Diabetes is one of the fastest growing chronic diseases globally and in the United States. Although preventable, type 2 diabetes accounts for 90 % of all cases of diabetes worldwide and continues to be a source of increased disability, lost productivity, mortality, and amplified health-care costs. Proper disease management is crucial for achieving better diabetes-related outcomes. Evidence suggests that higher levels of social support are associated with improved clinical outcomes, reduced psychosocial symptomatology, and the adaptation of beneficial lifestyle activities; however, the role of social support in diabetes management is not well understood. The purpose of this systematic review is to examine the impact of social support on outcomes in adults with type 2 diabetes.
globally, diabetes is the leading cause of complications, including heart disease and stroke, kidney failure, and nontraumatic lower-limb amputations [3, 4] . It is the cause of new cases of blindness among adults in the U.S. and, according to 2007 estimates, is the seventh leading cause of death in the U.S. [3, 4] . Regrettably, people diagnosed with diabetes have twice the risk of death of people of similar age without diabetes [3] . Given the vast numbers of people affected by this chronic disease, total estimated costs for diabetes in the U.S. are $174 billion annually [3] .
Although preventable, type 2 diabetes (T2DM) accounts for 90 % of all cases of diabetes worldwide [1, 3] . Evidence shows that at least 30 min of moderate exercise, along with healthy eating habits, aids in preventing and managing diabetes and diabetes-related outcomes [1, 3, 4] . These behaviors, in addition to other self-care activities such as home blood glucose monitoring, taking medications as prescribed, obtaining preventive services, and limiting alcohol intake and tobacco use, make living and adjusting to a life with diabetes more manageable. Self-management of T2DM, however, requires the assistance of multiple sources of support. In this article, we present the results of a systematic review of studies examining the effect of social support on T2DM and diabetes-related clinical outcomes.
Definitions of Social Support
Social support is a multifaceted experience that involves voluntary associations and formal and informal relationships with others [5] . It is a perception that one is accepted, cared for, and provided with assistance from certain individuals or a specific group or the realization of actual support received from another. Social support can be positive or negative and can arise from different sources, including family members, friends, and peers (informal support) and healthcare professionals and organizations (formal support) [6, 7] . It can be perceived differently on the basis of the recipient's gender, racial or ethnic background, or cultural practices. It is a construct thought to mediate improved self-management practices and health care outcomes. In contrast, social networks are considered webs of social relationships and social linkages and must be distinguished from social support [6] . Social networks are best gauged by size and include all individuals in a person's environment who provide support [6, 7] .
In a previous international review of social support in diabetes, van Dam et al. outlined three accepted definitions of social support [6] . First, social support is a free exchange of resources between at least two people that increases the well-being of the receiver [6] . Second, it is evidence from others that an individual is valued and part of a network of mutual communication and obligations [6] . Third, social support is the degree to which an individual's social needs are met through various types of interactions [6] .
Four categories of social support have been established: emotional, tangible, informational, and companionship [7, 8] . Emotional support includes the expression of feelings indicating value and worth. It embodies warmth and nurturance provided by sources of support [6] [7] [8] . Tangible support describes the concept of provision, including financial assistance, material goods, and services [6, 7, 9] . Informational support is the use of information, advice, guidance, and suggestions to help others solve problems [6, 10, 11] . Companionship support encompasses a sense of social belonging and the presence of companions for engagement in shared social activities [12] .
Social Support and Health
Researchers continue to investigate possible linkages between social support and physical and mental health. Two theories, or models, have been postulated for addressing these connections: the buffering hypothesis and the direct effects hypothesis [7, [13] [14] [15] . The buffering hypothesis asserts that social support is protective (or "buffering") during stressful events [7, 15] . It contends that individuals with lower levels of social support are more affected by stressful situations. In other words, stressful events will have a greater (negative) impact on those with lower levels of social support. This type of support is often observed during perceptions of social support, rather than in situations of actual (received) support or social integration [15] . Krause explored this theory further, arguing that, to a certain point, social support may function to alleviate stress but, eventually, may serve to exacerbate symptoms of stress long term [7] .
The direct (main) effects hypothesis states that people with high levels of social support are in better health than people with low social support, regardless of the stress [15] . In this model, researchers suggest that high levels of social support lead to better health, fewer psychological issues, and speedy recoveries from stressors, such as chronic diseases, serious injuries, and debilitating illnesses [5] . As a result, perceived social support solely shows direct effects for mental health outcomes; both perceived support and social integration show main effects for physical health outcomes [12] . Surprisingly, no main effects are seen when support is actually received [12] .
Certain factors influence, albeit positively or negatively, the social-support-health relationship; this is true despite the hypothesis used to assess the association. Satisfaction with social support depends on the perception of the recipient and may determine the relationship [7] . The size of the social support network often influences the relationship between the two entities [7] . Perceptions of the availability and type of social support needed, particularly during stressful times, may strengthen or weaken the relationship [7] . Finally, sociodemographic and sociocultural characteristics, such as socioeconomic status and race/ethnicity, may influence the alliance. Regardless of the circumstance and its effect on the direction of the relationship, all variables must be considered when assessing this noteworthy collaboration.
Social Support and Diabetes
Given the complex nature of diabetes, the aid of formal and informal relationships is warranted. Daily diabetes selfmanagement is the cornerstone to achieving optimal outcomes [16, 17] . Social support has been considered a major component of self-management for achieving glycemic control and improving outcomes, but the mechanism is not well understood [16, 18••, 19, 20] . Studies demonstrating the relationship between social support and diabetes have been conducted; however, no consensus has been established [21•] .
Although still debated, higher levels of social support are often associated with better glycemic control, increased knowledge, enhanced treatment adherence, and improved quality of life [21•, 22-25] . Social support has been found to be a critical aspect of disease prevention and awareness [25] . Furthermore, it is beneficial in diagnosis acceptance, emotional adjustment, and decreasing stress [25, 26] . Conversely, lack of social support has been associated with increased mortality and diabetes-related complications [21•, 25] . In a longitudinal study of older adults with diabetes, Zhang et al. found that social support was strongly associated with mortality and that social support was an identifiable target for intervention [25] .
Consequently, numerous factors and circumstances sustain or compromise care and adherence to diabetes selfmanagement. For example, the type and amount of care received, in addition to the source of the support, are all equally important and may be the "deal-breakers" in appropriate management [7, 16, 20] . Satisfaction with support and the size of the social network may also contribute to selfmanagement skill development [18••, 24, 27] . Social support relationships are valuable and often deemed necessary for guidance and encouragement, particularly when beginning and maintaining new behaviors and when making informed, frequently life-altering, health decisions.
Methodology

Search Strategy and Eligibility Criteria
A reproducible strategy was used to search Medline/ PubMed for articles published between January 2000 and June 2012. Four searches were conducted, yielding 1,023 articles. For all search strategies, social support was the main search term and was entered as the MeSH Major Topic and as a keyword in the abstract and title fields. For the initial strategy, the term health was entered; for the second, the term diabetes. Duplicates were removed, leaving 963 citations for assessment. Titles were eliminated if the research involved children, type 1 diabetes, or gestational diabetes. In addition, articles not written in English, not published in the U.S. (international), and using an international sample population were excluded. This produced 702 abstracts to examine for full article review. From this initial review, 33 articles of direct relevance to the systematic review (see inclusion criteria below) were selected for inclusion in this article.
An additional search, focusing on the last 2 years, was conducted to ensure a thorough review of the literature and inclusion of recent articles of interest and importance. Medline/PubMed was searched for articles published between January 2010 and June 2012; a total of 103 articles were found. After limiting search to the aforementioned time frame, humans, clinical trials/randomized clinical trials, English language, and adults, 19 years of age and older, 28 articles emerged. A more advanced strategy was employed, limiting the search to U.S.-published only and eliminating articles where a specific social support measure was not identified. This resulted in nine additional items, which was narrowed further to 4 articles after removing duplicates.
The following inclusion criteria were used to determine eligible study characteristics: (1) The full article must have been published in English between 2000 and 2012; (2) the sample population had to include adults only with T2DM; (3) the studies could be cross-sectional, cohort, or intervention studies; and (4) the studies had to measure a change in a clinical (i.e., HbA1c or blood glucose, blood pressure (BP), lipids, mortality, etc.), psychosocial (i.e., depression, stress/ distress), or behavioral (i.e., physical activity/exercise, diet/ nutrition, self-monitoring/self-care/self-management, etc.) outcome.
Full articles were read and reviewed using a standardized checklist by the lead author (J.L.S.). The senior and corresponding author (L.E.E.) made the final decision regarding eligibility in case of uncertainty and indecision. Thirty-seven eligible studies were identified on the basis of the predetermined inclusion criteria.
Data Collection
Data collected from the eligible articles are shown in Tables 1  and 2 and have been placed in one of two categories: observational studies or interventional studies. Observational studies, including articles with cross-sectional and longitudinal designs, are shown in Table 1 . Table 2 comprises studies that incorporate an interventional component and may have been designed as a randomized control trial (RCT), community experiment, or pilot study. The articles in both tables are arranged in descending chronological order by year of publication.
Data were extracted on the study design, social support measure(s), sample population, major findings, and study limitations. These tables include data from papers meeting inclusion criteria: social support, T2DM, indications for clinical outcomes (glycemic control, BP, lipid control, mortality), psychosocial effects (depression, stress), behavior adaptations (increased physical activity, adherence to a healthier diet), and perceptions of social support (increased, decreased, no support).
Results
Thirty-seven articles met the inclusion criteria set for this review and analysis. Twenty-one were observational studies, while 16 were intervention studies. For observational studies (Table 1 ), 18 were cross-sectional studies, 2 were longitudinal studies, and 1 was a pilot study. Nine articles provided clinical outcome results, 8 reported behavioral findings, 1 discussed psychosocial factors, and 3 reported perceptions of social support. There were 16 interventional studies (Table 2) , of which 9 were RCTs, 3 were community based, and 4 were pilot studies. For the interventional studies, 8 articles demonstrated changes in clinical outcomes, 5 articles showed (behavioral) lifestyle adaptations, 1 discussed the psychosocial results, and 2 articles described perceptions of social support. Overall, the impact of social support on clinical outcomes and behavioral modification were described in 17 and 13 articles, respectively. A total of 2 articles reported on psychosocial qualities, and 5 articles reported on perceptions of support. Sample sizes ranged from 12 to 3,535 of participants. Specific clinical outcomes were not extracted for independent discussion.
Social Support and Clinical Outcomes
On the basis of inclusion criteria of the database searches, 17 articles were reviewed that examined the impact of social support on clinical outcomes. Nine studies were crosssectional, and 8 studies were interventional [ [TG] , and HbA1c) were best when "other family members" (not the patient with T2DM) cooked the meals [33] . It should be mentioned as well that these "best outcomes" were observed in female participants [33] . Additionally, when the relationship between social support and mortality was examined, two studies were found. Both studies showed that higher levels of social support decreased mortality rates in patients with T2DM [21•, 25] .
Contrary to those reports, however, three articles showed the opposite or no effect [24, 31, 32] . Two articles did not show an association between social support and clinical outcomes [31, 32] . In research exploring the relationship between perceived social support and CVD risk, McNeil and colleagues found that, despite having high levels of social support, no significant relationship existed between the two variables [31] . In another study, Chlebowy et al.
were not able to show significance in the relationship between social support and self-care management or social support and glycemic control [32] . In addition, Chlebowy found that Blacks had less social support satisfaction [32] . In a similar study on race/ethnicity, social support, diabetes self-care, and clinical outcomes, Rees et al. did not find differences in social support by race, although Blacks were observed to have better clinical outcomes (decreased diastolic BP) and behavior modification (increased exercise, improved self-management) [28••] . In that same study, Whites had better LDL levels, and no significant clinical effects were observed in Latinos. Tang et al. demonstrated that negative support (and lower social support) increased the risk of medication noncompliance [24] .
In this review of social support and clinical outcomes, there was strong evidence that higher levels of social support were associated with better clinical outcomes and behavior adaptations. Similarly, as observed in the literature, all articles in this review did not find a positive association between the two variables. Data from the opposing studies indicate that study limitations may have minimized the effects seen. For two of the studies, which were crosssectional studies, small, homogeneous samples were studied [31, 32] . A third study, which was a randomized control trial of 200 participants, did show that there was a significant overall reduction in the mean HbA1c levels from baseline to 6 months but that there were no significant differences between groups [35••] . This outcome may have been due to study attrition, study design, and inherent biases. Sizable (20 %) dropout rate at 3 months; short duration of participation; increased sensitivity to ISEL items
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Two articles were reviewed that examined the impact of social support and psychosocial effects [17, 26] . One study was cross-sectional, and the other was interventional. Sample sizes ranged from 62 to 86 participants. Major findings were consistent across both studies, with participants having higher levels of social support experiencing fewer depressive symptoms and diabetes-related symptoms. In an international study that was excluded from the review, researchers concluded that participants with higher social support and, therefore, less depression developed better diabetes self-management skills and improved certain clinical outcomes (body mass index and TG) [39] . Despite the smaller sample size, Bond and colleagues were able to determine that Web-based interventions were effective in sustaining psychosocial well-being in older patients with diabetes [17] . However, given that the sample size of both of these studies was small, it is imperative that these studies be reproduced in larger, heterogeneous populations to ensure valid and reliable results. In addition, one of the studies was a recent randomized control trial using a Web-based intervention [17] . Findings demonstrated the effectiveness of sustained psychological well-being with the intervention. Given that result, Web-based interventions should be considered in those with lower social support and more positive psychological needs.
Social Support and Behavioral Modification
Eight cross-sectional studies and five interventional studies were evaluated to assess the role of social support on lifestyle modification [16, 18••, 20, 27, 40-46, 47•, 48••] . For these 13 studies, sample sizes ranged from 21 to 1,788. As was observed with social support and clinical outcomes, 7 studies demonstrated a positive association between social support and behavioral outcomes [16, 20, 40-42, 47•, 48••] . From a sample of 1,788 older adults with T2DM, Nicklett and colleagues found that increased diabetes support increased the likelihood of adherence to healthier outcomes (i.e., diabetes regimen)-thus, a negative association with health decline [20] . They added that the duration of diabetes diagnosis and the burden of illness were associated with a positive decline in health [20] . Within different study populations, Rosland et al. Wen et al. and Shaw et al. all demonstrated that family support improved glucose monitoring, diet self-management and exercise, and diabetes selfcare, respectively [40] [41] [42] [43] . Of importance, Rosland also showed that support from nonphysician health care professionals increased the likelihood of meal planning and preventive services, such as checking feet [40] . In a sample of older Mexican-American patients with T2DM, Wen found that increased family support decreased perceived barriers to diet self-care management [41, 42] . This was particularly true in older patients who lived with family members [42] . Participants also determined that higher social support was an indicator of positive family functioning [41] . Similarly, in a study conducted by King and colleagues, support from family, friends, and the community motivated participants to adopt healthier eating habits and increase physical activity [47•] . Having the support of the social environment increased the likelihood of diet and exercise adherence [47•] . Using an integrative health (IH) coaching intervention, Wolever et al. showed that participants in the IH group had increased perceptions of social support and increased self-report of medical adherence, physical activity, and perceived health status [48••] . As compared with participants in the usual care (control) group, individuals in the IH group reported less stress and improved clinically (decreased HbA1c). Although no physiologic outcomes changed in their study, McEwen et al. reported that social support improved self-care behaviors, increased diabetes knowledge, and reduced diabetes-related distress [16] . Results by Gleeson-Kreig and colleagues opposed previous findings, stating that social support was not related to selfmanagement behaviors [27] . In an online community support group designed to facilitate increased walking patterns in patients with T2DM, Richardson et al. failed to demonstrate changes in behavior [46] . They were able to report, however, that those with lower baseline social support used the online community more by posting requests and viewing supportive statements. Given the recent advances in technology and measurable barriers to health care (i.e., access, transportation, finances, language, etc.), online communities may be of considerable interest when working with populations exhibiting lower levels of support.
As was detected in social support and clinical outcomes, results demonstrating the impact of social support on behavioral outcomes was also consistent with the literature. Major findings supported the hypothesis that higher levels of social support were associated with increased diabetes selfmanagement and self-care behaviors. One study did find that social support was not related to self-management [27] . This study was conducted in a homogeneous sample of urban participants who lived at home with other relatives; this situation likely diminished the effect and limited the generalizability of the study.
Perceptions of Social Support
Five articles-three cross-sectional and two interventionaldiscussing the perceptions of social support were included for discussion [19, [49] [50] [51] [52] . As was stated previously, the manner in which social support is perceived often varies from actual social support received [51] . This interpretation or receipt of support can differ on the basis of numerous factors, including gender, race/ethnicity, culture, or social environment. One study included in this review assessed the primary source of support in couples [18••] . In that study, males reported their female spouses as primary sources of support; the same was not true for females [18••] . In contrast, females rated nonspouse sources as their primary foundations for support [18••] . The source (or availability) of the support, the amount of the support, and manner of delivery may also contribute to perceptions of support [19, 52] .
In a study of over 700 English-and Spanish-speaking U.S. patients with T2DM from four urban public hospital systems, Sarkar and colleagues found racial/ethnic differences in preference for self-management social support modes of delivery [49] . Urban Hispanics in this sample preferred telephone and group medical visits, as compared with Whites residing in urban areas [49] . As compared with Whites, Blacks, on the other hand, did not have a specific preference in delivery mode [49] . They would accept selfmanagement support via telephone, group medical visits, and the Internet. In a small sample of White men and women with T2DM, Gleeson-Kreig found a preference for support by the media, followed by health care professionals, personal, and work [50] . Support from family, friends, and community members were least acceptable modes of delivery for this sample population [50] . Contrary to the findings by Gleeson-Kreig and associates, Shaw et al. demonstrated a higher preference for community, neighborhoods, and community organizations in adults living with T2DM in upstate New York [43] . Overall, this section has been included, in particular, to draw attention to differences in sources of support as received from different study populations, in the hope that tailored studies and interventions may be created that directly target areas of greatest need.
Conclusions
This literature review explored the impact of social support on clinical and psychosocial outcomes, as well as behavior change, and mentioned several perceptions of support preferences. Of the 37 papers reviewed, 17 provided information on clinical outcomes, 13 on behavior modification, 2 on psychosocial factors, and 5 on support preferences. Of the clinical outcome papers, 14 demonstrated a relationship between social support and improved clinical outcomes, suggesting higher levels of social support as a positive factor for improved health-care decision making and motivation. Eleven articles reviewed for behavior change in participants yielded favorable results, showing increased diabetes selfmanagement, medication adherence, and adoption of nutritional and active lifestyles with increased social support. The results of 2 articles demonstrated that there were fewer depressive and stress-related symptoms with increased social support. Finally, preferences for the sources of social support were stated, with clear differences based on race/ ethnicity, geographical location, and gender.
The majority of adult populations evaluated within these studies experienced improved clinical outcomes, decreased mortality, and increased mental stability, regardless of race/ ethnicity. Differences occurred, however, in the method of delivery and the source of social support among minority groups, as compared with non-Hispanic Whites. Latinos within these study populations often preferred telephone-based and group support (including promotoras); AfricanAmericans demonstrated more variability in modes of delivery of social support (i.e., telephone, group, and Internet). Similarly, minorities exhibited a greater propensity for support from family and friends (including peer and support groups), as compared with Whites, who tended to rely less on support from family and the community and more on support from the media and health-care professionals. Conclusive data demonstrating the advances of various sources and methods of delivery (i.e., online support vs. tangible interpersonal relationships), as compared with others, are warranted.
With the rapid emergence of novel advances in technology, researchers must be mindful of the impact nontraditional neighborhoods, such as mobile texting groups, tablet applications comrades, and online communities, have in providing social support for individuals with T2DM. Access to these modern-day "neighborhoods" may create an environment more conducive for change and positive outcomes. These interactions may improve adherence, diminish socioeconomic and cultural barriers, and generate newfound resources for certain populations. Moreover, this system of networking may allow researchers to expand the definition of social support, creating atmospheres geared toward acceptance, encouragement, and confirmation of desired lifestyle modifications in nontraditional settings. Knowledge of these differences will allow researchers to develop and promote future programs and interventions that are cost effective, culturally tailored, and sensitive to the needs of the populations being served. Additionally, treatment of T2DM should incorporate these beliefs and values to improve self-care behaviors and diabetes-related outcomes. Future health-care professionals and researchers should be skilled in assessing population needs and addressing the complexities and dynamics of social support; hopefully, this review will provide guidance on effective strategies.
In summary, since 2009, 19 studies-7 cross-sectional and 12 interventional-have been conducted to assess the relationship among social support and multiple variables. On the basis of these studies, evidence suggests that higher levels of social support influence more positive outcomes in participants. Given the vast number of cross-sectional studies reviewed for this article, however, it is difficult to infer causality concerning social support and its impact on diabetes management. Because of gaps and inconsistencies in the literature and differences in sample populations, more research is needed regarding the influence of social support on various diabetes-related outcomes. This research, particularly randomized trials, should be developed to target specific areas of improvement and key determinants. A better understanding of the function of social support in diabetes management will likely help patients achieve better control and reduce the burden of diabetes experienced globally.
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